Summary
studies with modern banding techniques. The Ph' chromosome Bone marrow (BM) karyotypes from 16 consecutive children presenting with nonlymphocytic leukemia were established with the use of banding techniques, before therapy. The two patients with chronic myeloid leukemia (CML) showed the Philadelphia (Phl) translocation (9q+;22q-). Five of the 14 patients with an acute nonlymphocytic leukemia (ANLL) presented no acquired cytogenetic abnormalities, but one of these five showed a high level of hypodiploidy. One patient with AML evidenced a variant of the Phl chromosome originated as a translocation (12p+;22q-). Nonrandom abnormalities (-7; 7q-; +8; t(8;21); -21) were found in six patients, isolated or in association with other aberrations. Among the random abnormalities, apparently balanced translocations and chromosomal deletions were observed.
In ANLL, no correlation could be found between morphologic diagnosis and cytogenetic findings. On the other hand, the presence of B M cells with a normal karyotype at diagnosis was associated with an im~roved remission rate and survival time. Followup studies were brformed in four ANLL patients with an abnormal cell clone at diagnosis. Three of them achieved hematologic remission; their BM karyotype was found to be normal at that stage. In the 4th patient, generalization of the abnormal karyotype in BM cells was seen in the terminal phase of the disease.
Speculation
Chromosome identification techniques have greatly improved our knowledge of acquired B M aneuploidy found in leukemia. Nonrandom patterns of abnormalities have been found. Analyses of larger series of patients using advanced banding techniques and systematic followup studies will ascertain the significance of these cytogenetic abnormalities for diagnosis, prognosis, and neoplastic transformation.
Recent publications on BM cytogenetic analysis in adult patients with chronic and acute nonlymphocytic leukemia have indicated that chromosomal abnormalities occur in a nonrandom fashion (I I, 14, 19, 22, 23) . The Ph' chromosome, characteristic of CML in the adult, has been identified as a translocation of the major part of the long arm of chromosome 22 onto another chromosome, usually the long arm of 9 (19) , although other chromosomes than 9 are involved in roughly 10% of the cases (28) . In ANLL chromosomal abnormalities were observed in 40-50% of the cases. In adults with acute myeloid leukemia (AML), acute myelomonocytic leukemia (AMMoL) and erythroleukemia (EL) there appears to be a large excess of monosomy 7, trisomy 8, trisomy 9, and, less frequently, abnormalities in chromosome 17, trisomy 19, and trisomy or monosomy 2 1. Translocation (8;2 1) and (15;17) are more particularly associated with AML and acute promyelocytic leukemia (APL), respectively (21, 22) .
In childhood, nonlymphocytic leukemia are uncommon forms of leukemia and there are only a few reports of BM cytogenetic may be found in some cases i f childhbod CML, and its presence can differentiate the adult type of CML with its more protracted course, from the juvenile variant. Nonrandom acquired abnormalities have also been reported in a small number of children with ANLL: monosomy 7 was reported three times in AML, AMMoL, and EL (7, 10, 17) deletion 7q22 was found twice in AML (9) , and monosomy 9 was described once in AML (8) . An extensive report of cytogenetic abnormalities in childhood leukemia has been published by Zuelzer et al. in 1976 (3 l), but it deals mainly with acute lymphocytic leukemia; furthermore, this study started before the use of banding techniques, making the karyotypes difficult to interpret.
In order to investigate the occurrence of abnormal karyotypes in children with nonlymphocytic leukemia, cytogenetic analyses were systematically performed in children with these disorders. These are the findings in 16 children: two cases of CML and 14 cases of ANLL.
MATERIALS AND METHODS

PATIENT MATERIAL
Between August 1973 and June 1978, 16 children presented in our Pediatric Department with nonlymphocytic leukemia and had cytogenetic analysis of their BM cells performed before any treatment. Patients particulars, diagnoses, initial hematologic and clinical findings, and results of treatment are summarized in Table 1 .
Before BM aspiration, informed consent was obtained from the children's parents according to the declaration of Helsinki. BM aspirates were routinely taken from the posterior iliac crest in children and from the tibia in infants. Morphologic diagnosis was made on BM and blood smears stained with May GriinwaldGiemsa and was confirmed by histochemical staining techniques including Sudan-Black, myeloperoxidase, P.A.S., acid and alkaline phosphatase. Smears were independently examined by two different groups of investigators.
Morphologic and histochemical studies led to the diagnosis of CML in two patients, AML in four patients, APL in two patients, AMMoL in five patients, and EL in three patients.
In ANLL, hematologic remission was defined as the absence of blast cells in peripheral blood and the presence of less than 5% blast cells in BM. Complete remission was defined as a hematologic remission combined with the absence of extramedullary involvement.
All patients with ANLL, except one, initially received similar induction therapy consisting of 4-6 courses of cytosine-arabinoside (ARA-C) and cyclophosphamide (CYT). Each course included four days medication with three days rest. When remission was obtained, maintenance therapy with 6-mercaptopurine was started and 6-8 wk later, central nervous system (CNS) prophylaxis was given. This consisted of cranial irradiation and five intrathecal doses of ARA-C. Thereafter, a single reinducer course with ARA-C and CYT was given every 6 wk during maintenance .' Hematological remission.
Complete remission.
"atients still alive August 1, 1978 are indicated with +.
After submission of this publication, patient 13 showed a rapid fatal evolution. Remission of CNS leukemia was obtained after about 6 wk of intrathecal therapy and at that time, relapse of the BM leukemia occurred. BM cytogenetic analysis showed further clonal evolution: 47,XY,+8, t (7; 12) (q36:p13) in four metaphases, 49, XYY, +8, +8, t(7; 12) (q36;p13) in two metaphases and 50, XYY, +8, +8, t(7; 12) (q36;p13), +19 in 36 metaphases. Most of the cells showed a tetrasomie 8, trisomie 19, and an additonal Y chromosome, next to the translocation (7;12) already described at diagnosis. A second remission could not be reached and the patient died 6V2 months after the onset of the disease.
therapy. If no remission was obtained, the following regimes were tried: daunomycine (with or without vincristine) combined with prednisone, or a modified VAMP (vincristine, methotrexate, 6-mercaptopurine and prednisone) regime.
Remission was achieved with ARA-C and CYT in three patients with AML (no. 3, 4, and 5) and two patients with EL (no. 14 and 15). Additional treatment with VAMP resulted in remission in two patients with AML and AMMoL, respectively (no. 6 and 13). Such additional treatment with vincristine and daunomycine resulted in remission in one patient with AMMoL (no. 11). The only patient not initially treated with ARA-C and CYT achieved remission with VAMP induction therapy (no. 8). Two patients died during induction therapy (patients 7 and lo), and in three patients, remission could not be achieved (no. 9, 12, 16).
CYTOGENETIC ANALYSIS
Chromosome analyses were done on BM cells immediately suspended in Ham's F 10 medium containing colchicine (0,25 pg/ ml). Short time cultures of BM were also performed in partly conditioned medium made of three volumes of fresh Ham's F10 medium supplemented with 15% fetal calf serum and two volumes of similar medium, conditioned on a fibroblast culture. For the two more recently studied patients (8 and 13) a modification of the synchronization method by methotrexate treatment of the culture was used. This method improves considerably the morphology of chromosomes in metaphases of leukemic cells (6) . Whole blood was cultured for 24 and 48 hr without phytohemagglutinin. A 48 or 72 hr lymphocyte culture (peripheral blood, stimulated with phytohemagglutinin) was used as a control, whenever possible. In all cultures, chromosomes were identified with at least one (usually more) of the different banding techniques: Gbands by acetic saline using Giemsa, Q-bands by fluorescence using Quinacrine, and R-bands by fluorescence using acridine orange according to the nomenclature of the Paris Conference (197l), supplement (1975) (15) . The number of cells examined per analysis varied between 20-50 depending on the quality of the culture and the findings in the first batch of 20 cells. In order to distinguish mosaicism from random aneuploidy, it was considered that for structural abnormalities, the presence of two cells with a similar aberration was enough to define a clonal subpopulation and that for numerical abnormalities, three cells with the same aneuploidy were required.
RESULTS
The results of chromosomal analyses are presented in Table 2 and illustrated in Figures 1-7 .
BM cells of the two CML patients were Ph' (+) with the classical translocation (9q+;22q-).
BM cytogenetic analysis of the 14 patients with ANLL revealed in five patients (no. 4, 5, 7, 11, and 14) the absence of acquired chromosomal abnormalities and in the other nine patients, the presence of an abnormal clone of cells at diagnosis. In six of these nine patients, cells with a normal karyotype were observed next to the abnormal clone. Six had an abnormal karyotype with 46 chromosomes, two with 47 and one with 51; the abnormal karyotypes were all different, but some changes were repeatedly found in variable associations with other numerical or structural aberrations.
Trisomy 8 was found three times (no. 10, 13, and 16) together with translocation (7;12) (no. 13; Fig. la) , monosomy 7 (no. 10; Fig. 2 ), monosomy 7 (no. 10; Fig. Ib) , and to indicate a break in band (7) (q21 or q22) (Fig. Ic) and in patient monosomy 21 in part of the BM cells of patients 3 and 9, indicating 8, the breakpoint is clearly more distal, probably in band (7) (q3 1) further clonal evolution in these two cases. (Fig. 4) . Deletions of other chromosomes were also observed: ' Down's syndrome. interstitial deletion (1) (p22p32) in patient 3 (Figs. 2 and 3 ) and interstitial deletion of (9) (q22q32) in patient 8 (Fig. 4) . A translocation (8;21) (q21;q211) similar to the rearrangement often described in AML (13, 21, 23) has been found in the karyotype of patient 8 together with a 4q+ (probably duplication of band (4) (q3 1)) and deletions of chromosomes 7 and 9 already mentioned (Fig. 4) . The translocation (7;12) (q36;p13) in patient 13 involves small parts of these chromosomes; the 7q+ in particular was difficult to visualize with Trypsin-Giemsa banding (Fig.  la) , but was identified without any doubt with R-banding.
Apparently balanced translocations were found in three patients (no. 6, 12, 15) as the only anomaly. The t(12p+; 22q-) is a variant of the Ph' anomaly with translocation of the long arm of 22 onto the short arm of 12 (no. 6; Fig. 5 ). The reciprocal translocation between chromosomes 4 and 16, found in patient no. 15, is illustrated in Figure 6 and a complex translocation between chromosomes 11 and 13 in Figure 7 (no. 12). In combining the different banding techniques, the rearrangement in patient no. 12 most likely was a two-step event: a pericentric inversion of chromosome 1 1 (per.inv.(l l)(pl2;q23)), followed by a reciprocal translocation between the inv.(ll) and chromosome 13 (q23;q21). The two derivating chromosomes could be described as follows: der(l1) as 13qter-t13q21::1lp12~11q22::llp13 +llpter and der (13) as 13 pter+l3q21::11q24+1 lqter.
In most BM cytogenetic analyses of this study, hypodiploidy was found with random loss of chromosomes but without any clonal pattern, and always below the 5% level. As an exception, a 20% level of hypodiploidy was found in one patient (no. 11). The lymphocyte karyotype, was always found to be normal absence of lymphocytes in peripheral blood in patient 3 and the with one exception: patient 14 with Down's syndrome showed the short survival of patient 10 prevented a lymphocyte culture. expected trisomy 21. This is particularly important in cases where Followup cytogenetic studies were performed in six cases. In an apparently balanced translocation in the BM was found. The the two CML patients, the Ph' chromosome persisted during the chronic ~h a s e . In two ~a t i e n t s with ANLL. hematologic remission was accbmpanied by 'normalization of the BM kayotype (no. 6 and 8). In patient 13, incomplete remission with 16% blast cells in BM was found together with normalization of the BM karyotype in all but one cell. One month later, hematologic remission was achieved, but CNS leukemia was then diagnosed. Cytogenetic analysis of 32 cells from the cerebrospinal fluid revealed the same karyotypic abnormalities as found in BM at diagnosis. In one patient (no. 12) in whom remission was not achieved, generalization of the abnormal karyotype was seen in the terminal phase of the disease.
I
DISCUSSION
The findings in our two patients with CML proved them to suffer from the adult type of this disease: both showed the Ph' chromosome in BM cells and did not have a raised level of fetal hemoglobin. Response to busulfan therapy was satisfactory and both children are still in the chronic phase of their disease after 5.5 and 4.5 yr, respectively, needing only intermittent therapy.
Acquired cytogenetic abnormalities in leukemic cells were found in 9 of 14 children with ANLL. Comparison of this material with four adult series studied with the use of banding techniques is presented in Table 3 . The distribution of nonrandom and random abnormalities is comparable in the five series of patients.
The excess of nonrandom abnormalities involving chromosome 7 (monosomy, deletion), chromosome 8 (trisomy, translocation with other numerical or structural aberrations. Random, appar- This report I Not all karyotypic abnormalities have been tabulated but only those corresponding to the headings; complete descriptions of the individual karyotypes are given in the original publications and Table 2 for the patients presented here.
ently balanced translocations are also often observed in a relatively large number of patients. The series of Mitelman et al. (I I) is an exception: in 17 AML patients with abnormal clones in BM cells, he found mostly numerical abnormalities of the nonrandom type, only 2 structural abnormalities ring (7), and isochromosome (17q) and no translocation. This could probably be explained by a clinically more homogenous group of patients, restricted to a diagnosis of AML.
The Phi chromosome has occasionally been reported in AML (5, 12, 25, 27) . The variant of the Phl chromosome t(12p+;22q-) in patient 6 is of particular interest because it raises the question whether this case represented Phl (+) AML or CML presenting with a blast crisis (16, 22) . In Phi (+) blast leukemia in young children, a mixed BM morphology with myeloid and lymphoid characteristics has been reported (3). Exact distinction between AML or CML blast crisis is important in view of the therapeutic implications. The following features suggest a diagnosis of AML in patient 6: 1) absence of splenomegaly; 2) absence of increased eosinophils and basophils in BM morphology at diagnosis; 3) cytogenetic mosaicism, the Phl being present in 80% of the BM metaphases at the time of diagnosis; 4) successful induction of remission; 5) persistent cytogenetic remission accompanying the hematologic and clinical remission; 6) normalization of BM morphology during remission without left shift of myelopoiesis, which, if present, would suggest CML. This patient represents the second case with a Phl variant consisting of a translocation between chromosomes 12 and 22: t(12p+; 22q-) instead of the classical t(9q+;22q-). Blij-Philipsen et al. have reported a similar Ph' variant in an adult with CML.
A translocation between chromosomes 15 and 17: t(15;17) (q22;q21) has been suggested to be specific of APL and has been reported in at least nine cases (21, 22) . Such a rearrangement was not observed in our two cases with APL: patient 7 had a normal karyotype and patient 8 presented with the nonrandom t(8;21) associated with 4q+, del(7) (q3 I), and interstitial del(9) (q22q32). Two other reported cases of APL share at least partially the karyotypic changes of this last patient: a 41-yr-old woman had the t(8;21) (20) and a 38-yr-old man presented deletions (7) (q22), and (9) (q22), together with translocation (15; 17) (21) .
The use of complementary banding techniques like R-and Gor Q-allowed us to identify interstitial deletions in two cases: deletion (1) (p22p32) in patient 3 and deletion (9) (q22q32) in patient 8. Other more specific interstitial deletions have been observed in malignant or potentially malignant cells: deletion (13) (q14) was found in 14 cases of retinoblastoma (30) , deletion (I I) mosaicism at presentation, remission was achieved in three; their mean survival time is 7 months, two patients being still alive and in remission (no. 6 and 8). Three patients had only abnormal cells in their BM at presentation, complete remission was achieved in one patient (no. 3); hematologic remission was obtained in another (no. 13). but simultaneously CNS dissemination with karyotypically abnormal cells only occurred. The third patient resisted therapy (no. 10). In this group, the mean survival time is 5 months.
It has already been shown, that AML has a better prognosis than AMMoL and even more so if it is associated with a more favorable cytogenetic picture (4). Among our patients, all receiving the same initial treatment for their ANLL, children with AML showed a higher rate of successful induction of remission and a longer mean survival. All four patients with AML achieved remission; of the five patients with AMMoL, hematologic remission was achieved only once, and of the three patients with EL, two children reached remission. Among the eight patients with AMMoL or EL, a clearly longer survival is found in the two patients without acquired-kary6typic abnormalities in their BM.
Followup studies may be valuable in establishing prognosis, because they give an insight into the reaction to therapy of abnormal cell populations labeled by chromosomal markers. In our series of patients, such studies confirmed hematologic remission by cytogenetic remission in patients 6, 8, and 13 and showed that generalization of the abnormal clone accompanied a fatal outc6me in patient 12. The rapid evolution of a h o r m a 1 clones into subpopulations, as already seen at diagnosis in patients 3 and 9, may carry an unfavorable prognosis.
BM cytogenetic analyses in childhood ANLL confirmed what has been found in the adult population: an excess of nonrandom chromosome abnormalities. Their significance for oncogenesis, diagnosis, and prognosis is still unclear. Large series in which modern banding techniques are applied would improve the understanding of the different random abnormalities. In a complex way, these may involve similar chromosomal regions or similar mechanisms such as resulting in interstitial deletions and isochromosomes. Another way to study the significance of specific, nonrandom chromosome abnormalities in the development of leukemia would be to introduce these particular chromosomes in animal cells using the interspecies somatic cell hybridization techniques. uatients with a normal BM k a w o t v~e at diagnosis. one died Phl-positive childhood leukaem~as: spectrum of lymphoid-myelold expressions. and in complete remission (no. 5). Of the six patients with a
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